The developmental changes in cnida composition of the coral Pocillopora damicornis was studied. At least two types of microbasic p-mastigophores (type I and type II MpM), large and small holotrichous isorhizas (HI), microbasic b-mastigophores (MbM) and spirocysts were observed in P. damicornis. The nematocyst composition of planulae was similar to that of one or two day old primary polyps, but markedly different from that of adult colonies. The large HI were observed only in planulae and primary polyps. MbM were most abundant in planulae and primary polyps while type I MpM were most abundant in adult colonies. The size of MbM and type II MpM was different between planulae or primary polyps and adult colonies. While large HI were retained at least for one week after settlement, spirocysts appeared to decrease temporarily after settlement. The present observations suggest that large HI are used for defense against predators at early stages of development and spirocysts are used for attachment to the substrate during settlement. The present study showed that the cnida composition and the dimensions of certain types of nematocysts change during the course of development of P. damicornis.
INTRODUCTION

Cnidarians
possess unique intracellular organelles, cnidae, which discharge by evaginating their tubular contents following certain appropriate stimuli. Cnidae are used either to capture prey, to defend against predators, to attack neighboring cnidarians, or to attach to suitable substrates during settlement (e.g., Watson and Wood 1988) . Cnidae are divided into three major categories: nematocysts, spirocysts and ptychocysts (Mariscal 1984; Watson and Wood 1988) .
The composition of nematocysts is different among different organs and may vary depending on developmental stages or physiological condition (Fautin 1988) . Tentacles have different sets of nematocysts than mesenterial filaments or other regions of polyps (Schmidt 1974; Thomason and Brown 1986; Song 1988) . Sweeper tentacles or sweeper polyps, which are considered to be aggressive organs of corals, have a different nematocyst composition than ordinary tentacles or ordinary polyps (den Hartog 1977; Hidaka and Yamazato 1984; Hidaka et al. 1987; Peach and HoeghGuldberg 1999) .
Changes in cnida composition are known to occur in the life history of some cnidarians. The nematocyst composition changes during strobilation in some species of Scyphozoa (e.g., Calder 1983) . Large holotrichous isorhizas found in the larvae and young of Actiniaria have never been found in adults (Cutress 1955) . Similarly, our preliminary observations showed that large holotrichous isorhizas are present in planulae but absent in adult colonies of the coral Pocillopora damicornis (Hidaka 1991; Paruntu 1996) . Nematocysts specific to larvae might have function including attachment to the substratum or defense against predators during the planktonic stage. However, the function of planula-specific nematocysts and the time course of changes in the nematocyst composition of developing corals are not known.
The purpose of the present study is to describe the developmental changes in the cnida composition in the coral P. damicornis and to discuss the function of the planula-specific nematocysts.
MATERIALS AND METHODS
Planula collection and culture of planulae Colonies of Pocillopora damicornis were collected from reefs at Tumon Bay and Apra harbor in Guam in 1994 and 1995. Colonies were placed into separate bowls supplied with running sea water. Planulae were collected by sieving overflowing sea water with a planula collector made of plastic cup and nylon mesh. Planulae released by different colonies were kept in separate plastic cups. Some planulae were sampled for cnida observation on the day when they were released. Pieces of plastic sheet were placed in plastic cups so that planulae could settle on them. Settled planulae, that is, primary polyps, were kept in plastic cups with perforated lids or covered with nylon mesh (180 ii m). The plastic cups with settled planulae were kept in a tank supplied with running sea water.
To observe cnida composition of young colonies, primary polyps derived from colonies of P. damicornis collected at Sesoko and Bise, Okinawa in 1996 were kept for 6, 7 or 14 days in plastic cups with perforated lids as described above.
Preservation
of planulae, settled planulae, and branches of adult colonies Planulae, primary polyps (1, 2, and 6 days post-settlement), young colonies with several buds around the primary polyps (7 and 14 days post-settlement), and small branches of the source colonies were fixed in 10% formalin in sea water. Primary polyps and branches of adult colonies were decalcified by immersing the samples in a 1:1 mixture of 10% formalin in tap water and 10% acetic acid in tap water for a few days. Decalcified specimens were stored in 10% formalin in tap water until use. Tissues were peeled from the skeleton if necessary and squashed under a cover slip to observe cnidae.
In some cases, tentacles and mesenterial filaments were further isolated from polyps of adult colonies.
Observation of cnidae Squashed specimens of planulae, primary polyps, and tissues of young or adult colonies were observed under a phase contrast microscope (Nikon Labophot) or differential interference contrast microscope (Nikon Optiphot with DIC attachment) . The length and width of capsules and the shaft length of undischarged nematocysts were measured on photomicrograph prints using a digital electronic caliper (NSK, Max-Cal). The length of the shaft of undischarged microbasic pmastigophores (MpMs) was measured as distance between the tip of the nematocyst and the tip of the V-shaped notch of the shaft. Cnidae were identified according to Mariscal (1974 Planulae and primary polyps possessed large HI which were absent in adult colonies (Fig.  1B) . Small HI, type II MpM, and MbM in addition to spirocysts were also found in planulae and primary polyps. The nematocyst composition of planulae and that of one or two day old primary polyps was similar to each other, but they were markedly different from that of adult colonies (Fig. 2) . MbM were most abundant in planulae and primary polyps while type I MpM were most abundant in adult colonies. There was no significant difference in the relative abundance of large HI between the oral and aboral halves of planulae (t-Test, P>0.05). The aboral half of planulae appeared to contain more spirocysts than the oral half (Fig. 2) , though the difference was not significant (t-Test, P>0.05).
Primary polyps or young colonies 6 or 7 days after settlement, had a nematocyst composition that was similar to that of planulae or primary polyps, though they contained a (Fig. 2 ). Primary polyps 6 or 7 days post-settlement had 12 fully developed tentacles. A 14 day old young colony had a nematocyst composition intermediate between planulae and adult colonies. The relative abundance of MbM and type I MpM were reversed 14 days after settlement and the 14 day old colony had only a trace amount of large HI.
Cnida composition of two longitudinal halves of planulae was determined using two methods, that is, photographic method and haemocytometer method. The two methods gave similar histograms for cnida composition of planulae (Fig. 3) .
MbM found in adult colonies were significantly smaller than those present in planulae or 1 or 2 day old primary polyps (Tukey's multiple comparison test, P<0.001; There was a marked difference in cnida composition between planulae or primary polyps and adult colonies of Pocillopora damicornis. The large HI are specific to planulae or primary polyps and type I MpM are specific to adult colonies. The changes in nematocyst composition occurred after settlement rather than before or during settlement.
The large HI characteristic of planulae were gone by 14 days after settlement. On the other hand, type I MpM first appeared in 6 day old young colonies and increased thereafter to become the most abundant type of cnidae in adult colonies.
The large HI, which were not present in adult colonies, might be used for attachment to substratum during settlement. However, the large HI did not decrease immediately after settlement but were retained for at least one week after settlement. Schmidt (1982) reported that it took 5-6 days for tentacles of the sea anemone Anemonia sulcata to regain initial number of cnidae when a large discharge of cnidae was evoked experimentally.
If this is also the case with P, damicornis planulae, it is unlikely that a massive discharge of large HI occurred during settlement. Planulae of P. damicornis move aboral pole foremost, both during swimming and substrate exploration (Vandermeulen 1974) . Hence the aboral half of coral larvae might play an important role in attachment to substratum. The large HI are distributed in the ectoderm of planulae (Paruntu 1996) , but they were not more abundant in the aboral half than the oral half. These observations suggest that the large HI may not be involved in settlement, but could be used for defense against predators at early stages of development. It is unlikely that the planula-specific nematocysts are used for capturing food. Vandermeulen (1974) stated that planulae of P. damicornis are non-feeding at least initially, as newly spawned planulae lack a mouth opening and tentacles. Chia and Bickell (1977) observed that the aboral half of planulae of the sea anemone Anthopleura elegantissima contained five times more spirocysts than the oral half. In P. damicornis planulae, spirocysts appeared to be more abundant in the aboral half than the oral half. We did not observe spirocysts during haemocytometer counting of three specimens of 2 day old primary polyps (Fig. 2) . This indicates that the number of spirocysts decreased during settlement.
It is likely that spirocysts are used for attachment to substratum during settlement and later replaced. Hayashibara et al. (2000) also suggested that spirocysts are used for initial attachment to the substratum in planulae of Acropora nasuta.
The appearance of type I MpM seems to be related with the appearance of tentacles. The type I MpM were observed first in 6 day old primary polyps, which had 12 fully developed tentacles. Type I MpM are distributed in tentacles in adult colonies (Hidaka 1991) . The microbasic p-mastigophore nematocyst is generally considered to capture prey by penetration, though it may also have a defensive function (Mariscal 1974) .
While MbM and type II MpM were observed in both planulae and adult colonies, the sizes of the nematocysts were different between planulae or primary polyps and adult colonies (Table 1) . This indicates the possibility that the sizes of the same type of nematocysts is influenced by the developmental stages of the coral in which they occur. Furthermore there was a large variation in the size of type II MpM found in adult colonies. The possibility remains that there are two size classes of type II MpM in adult colonies of P, damicornis.
The present study showed that nematocyst composition changed in a few weeks after planulae of P, damicornis settled. 
